The messenger ribonucleic acid fraction isolated from a protein bodyenriched fraction of developing corn (Zea mays L.) endosperm stimulated the incorporation of radioactive amino acids into at least five polypeptides when added to a wheat germ extract capable of protein synthesis. Of these, the two major polypeptides formed with messenger from freshly frozen corn were identified as precursors to zein A and B, the two major polypeptides of the prolamine fraction of corn meal (21,600 and 19,600 molecular weight). The identification was based on the relative incorporations of radioactive leucine, lysine, and methionine, and the susceptibility of the zein A precursor, but not the zein B precursor to cleavage wtih cyanogen bromide. Using extracts from stored frozen corn, a third polypeptide of 14,500 molecular weight was identified as a major in vitro product. It was preferentially labeled with methionine and slightly larger than a similar peptide in the zein fraction of corn meal. Two other polypeptides of still lower molecular weight could be detected above the background of probably incomplete polypeptides.
A major portion of the storage protein of corn endosperm is synthesized on ribosomes bound to ER and protein body membranes (4) . Protein bodies are accretions of insoluble protein surrounded by a membrane on which ribosomes are bound. The bodies arise by pinching off from the ER (6) . The polypeptide products of translation of these ribosomes must pass through the membrane and accumulate in the interior of the protein body. In other cases where a newly synthesized polypeptide is transported through a membrane, the initial product of translation has an Nterminal extension rich in hydrophobic amino acids, which it is postulated serves as a signal for transmembrane movement of the polypeptide (2) . The bound ribosomes of corn have provided the starting material for the isolation of mRNA specific for the synthesis of corn storage proteins (5, 9) .
The protein inside the protein bodies is of the zein or alcoholsoluble fraction of corn proteins. Two polypeptides, zein A and zein B (21,600 and 19,600 mol wt, respectively) make up the bulk of this protein fraction. These correspond to Z1 and Z2 of Lee et al. (11) . Several other polypeptides of lower mol wt are also present in zein extracts (11) . Extraction of corn meal with an alcoholic solvent followed by an alcoholic solvent containing a reducing agent has led to the isolation of two corn prolamine fracti'ons, designated zein I and zein II. Zein II contains onefourth to one-half the amount of protein in zein I (7, 21 I protein with 10 to 20o of a protein fraction rich in methionine and glycine and deficient in leucine, isoleucine, phenylalanine and aspartic acid and/or its amide (7, 21) . This hypothesis has been confirmed by electrophoresis in urea gels (19, 21) , gel filtration in the presence of urea (19) , and SDS-PAGE2 (18, 20) . The zein II fraction contains all of the polypeptides of the zein I fraction, but in addition contains two or more polypeptides of greater cathodal mobility at pH 2.9 (21) and lower mol wt (18, 20) than the zein I fraction polypeptides. Amino acid analyses of the low mol wt fractions from gel filtration confirmed the high methionine content of the smaller polypeptides (19) . The major additional band in zein II extracts has an apparent mol wt of 13,700 (zein C).
Since the zein fraction of corn endosperm is low in lysine, a nutritionally limiting amino acid in corn, there is considerable interest in studying the regulation of the synthesis of zein polypeptides. The high lysine corn strains are mutants in which the regulation of protein synthesis is altered so that less zein and more albumins, globulins, and glutelins are produced (16) . To study the regulation of zein synthesis, highly purified preparations of mRNA for the zein polypeptides are necessary. The purification of an mRNA fraction by the isolation of protein bodies and by oligo(dt)-cellulose chromatography have been reported (4, 9) . The products of in vitro translation of this mRNA fraction have been reported to be zein A, zein B, and some uncharacterized lower mol wt polypeptides (4, 9) . Evidence is presented that in addition to zeins A (9) . Polyribosomes were dissociated from the protein bodies with Triton X-100 and pelleted by centrifugation through buffered 2 M sucrose (9) . The polyribosomal pellet was suspended in 0.5% SDS, 10 mm Tris, I mM Na2EDTA, 0.5 M NaCl (pH 7.5) and adjusted to a concentration of 20 to 25 Am0. A volume not exceeding 10.0 ml was applied to 0.5 g oligo(dT)-cellulose at room temperature. Poly (A)-containing molecules were eluted after washing by the procedure of Aviv and Leder (1), substituting NaCl for KCI. RNA-containing fractions were then brought to 0.3 M NaCl and precipitated with 2 volumes of ethanol. The ethanol precipitates were washed once with ethanol, dried in a vacuum desiccator, and dissolved in water. The RNA was usually passed through oligo(dT)-cellulose a second time under the same conditions. Recycling did not affect quality of the translation products, but did affect the amount of 18S rRNA present in the final preparation. Yield was generally between 20 and 50 ,tg poly(A)(+) RNA/l00 g kernels.
Protein Synthesis. For translation, wheat germ extracts prepared according to Marcu and Dudock (12) were used. Reaction mixtures were of 25-or 50-p1 volume and contained the concentrations of reagents specified by Marcu and Dudock (12) , except that spermine was added to most incubations at a concentration of 0.1 mm. The addition of spermine increased incorporation by 50%o. The optimum concentrations of KCI and Mg(OAc)2 were determined to be 100 and 2.5 mm, respectively, and were used throughout. Generally, 5-to 10-,ul aliquots of incubation mixtures were precipitated with 10%1o trichloroacetic acid, heated at 95 C for 
Gel Electrophoresis. Products of 60-min in vitro incubations
were prepared for gel electrophoresis by trichloroacetic acid precipitation. Precipitates were extracted with ether and dried before being dissolved in 2% SDS, 10 mm Na-phosphate, lO1%o glycerol.
SDS-PAGE in tube gels was performed as previously described (15) . The gels were fractionated with a Savant Autogeldivider into scintillation vials to which a dioxane-naphthalene-PPO cocktail or Instagel (Packard Instruments) was added. Slab gel electrophoresis was performed similarly in an E-C slab gel apparatus except that the ratio of acrylamide to bis was 19:1. Slab gels were impregnated with PPO, dried, and exposed to preflashed (10) Royal X-omat film according to the procedures of Bonner and Laskey (3) and Laskey and Mills (10) .
Zein Extraction and Labeling. Zein II extracts were prepared according to the procedure of Paulis et al. (18) Met tRNA Formation. Wheat germ tRNA was isolated according to the procedure of Marcus et al. (14) . An extract of Escherichia coli containing aminoacyl tRNA synthetases was prepared according to Nathans and Lipmann (17) and used to charge the wheat germ tRNA (17) of this in vitro reaction were analyzed by SDS-PAGE (Fig. 1) . A mixture of ['4C]leucine and [3H]lysine was used for the labeling. One major peak of "4C radioactivity with a shoulder on the origin side was noted. By staining a companion gel containing authentic zein it was determined that the shoulder was in the position of zein A while the peak corresponded to zein B. The technique of staining companion gels is not accurate enough to determine whether the in vitro products were exactly the same size as the authentic zein. After correction for spillover of '4C in the 3H channel, some 3H cpm were found associated with the peak. After correcting for the efficiency of counting of each isotope in its channel and for the specific activity of the precursors used, it was calculated that the molar ratio of leucine to lysine incorporated was 85:1. Since there are 30 to 40 leucines per zein chain, less than 1 lysine was incorporated into each chain. The low level of lysine incorporation may thus be due to systematic errors in the dual label calculation. Since little or no lysine is detected in amino acid analyses of zein fractions (7, 21) , this result is consistent with the identification of these two bands as zein polypeptides. Others have also observed a major peak with a shoulder and high leucine (4, 8, 9) to lysine incorporation ratios in products programmed by protein body mRNA. A similar pattern was found using several different levels of mRNA during translation.
Precursors to Zeins A and B. To compare better the in vitro products with authentic zein, the polypeptides in the zein II extract were alkylated with ['4Cjiodoacetate after reduction. Alkylation does not alter the mobility of zein bands. The migration of ['4CJcarboxymethyl zeins is shown in Figure 2 lane a. The bands marked A, B, and C correspond in position to zeins A, B, and C as determined by staining of a comparable gel. There is a streak of radioactivity between zein B and zein C. This represents polypeptides (or other material) which are not detectable with Coomassie blue staining but are readily labeled with iodoacetate and must thus have a high cysteine content. The cysteine content of zeins A and B is known to be low. In Figure 2 lane b are the products of in vitro protein synthesis using mRNA in the wheat germ system and [3H]leucine. The two major radioactive polypeptides are resolved from one another. It can be seen that the slower one is slower than the marker zein A and the faster one is slower than the marker zein B, but faster than zein A. They are assumed to be in vitro precursor forms to the mature zein polypeptides. (5) .
Precursor to Zein C. An mRNA fraction was also prepared from corn that had been stored for more than 6 months in a freezer whose temperature varied from -70 to -20 C during this time. Figure 3A shows Figure 2 , lane a. The small peak in fraction 37 corresponds in position to zein C. The major products of in vitro incorporation of [3H]leucine with this mRNA preparation were of low mol wt (peaks in fractions 36 and 39, shoulder in 44), although a peak and shoulder corresponding to prezeins B and A (fractions 25 and 23) were also seen. The peak in fraction 36 was one fraction slower than the zein C of the marker, and may thus be a precursor to zein C.
If this latter band is prezein C, it should be preferentially labeled with radioactive methionine, since zein C is known to have a high content of methionine, while methionine is rare in zeins A and B (11) . Figure 3B The presumed zein C band is heavily labeled. Zein A was now more heavily labeled than zein B, consistent with its higher content of methionine and susceptibility to cyanogen bromide cleavage (Fraij and Melcher, in preparation).
To resolve better the presumed prezein C from other material, the products of [3H]leucine and l3 S]methionine incorporation in response to RNA of stored corn were also separated on a slab gel together with '4C-alkylated zein II and analyzed by autoradiography (Fig. 4) . The predominant band labeled with methionine migrates to a position consistent with its identification as prezein C. Beyond this band there is a background of radioactivity probably representing incomplete polypeptides. Superimposed on this background are two bands. These bands are more easily distinguished in the [3H]leucine products where they also occur superimposed on a background of probably incomplete polypeptides.
The two separate runs of [3H]leucine products illustrate that whereas spermine stimulates amino acid incorporation by 50% it does not alter the proportion of products. The low mol wt bands migrate in an area of the gel where the assignment of mol wt is inexact.
Initiator Met tRNA. Heavy labeling of prezein C with methionine but not with leucine could be due to a large number of initiated chains or to an amino acid composition rich in methionine but poor in leucine. To distinguish between these possibilities, wheat germ tRNA was isolated according to the procedure of Marcus et al. (14) and amino-acylated with [35S]methionine using an enzyme preparation from E. coli (17) . It methionyl tRNA of wheat germ and not tRNAmmet (22) . To corroborate this finding, the charged tRNA was chromatographed on BD-cellulose, under conditions known to separate wheat methionyl tRNA species (22) . Only one peak was found. This tRNA was used in wheat germ extracts programmed with mRNA from stored corn. Methionine was included in the incubation mixture to prevent hydrolysis and recharging of the tRNA. 
